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Introduction 
In the clinical setting, sampling cerebrospinal 
fluid (CSF) from an external ventricular drain 
(EVD) is a skill required of a neuroscience 
nurse. Neurosurgical ward guidelines and 
hospital policies often conflict with what is 
perceived as common practice by neurosur-
geons. This impacts on the consensus of 
what would be considered best practice for 
sampling CSF, including from which port the 
sample should be obtained and which solu-
tion should be used to decontaminate the 
access portal. The insertion of a ventricular 
catheter interrupts what is normally a closed 
ventricular system inside the cranium, which 
in turn places the patient at significant risk of 
complications. One of the most common 
complications is ventriculitis (Kitchen, Singh, 
Hulme, Galea, Patel & King, 2011). 
Interest in the topic began when nursing staff 
were asked to obtain a CSF sample by the 
medical staff. The hospital policy was ob-
tained from the intranet. Accessing and re-







cussion with the medical staff about what is 
best practice for CSF sampling. Several neu-
rosurgeons were questioned about best prac-
tice for CSF sampling from an EVD. From the 
discussions it was clear there was a lack of 
consensus amongst them. Some neurosur-
geons stated they tended to follow what other 
medical staff preferred due to the lack of evi-
dence available. Following these discussions 
a brief review of current data regarding best 
practice was completed and four other metro-
politan hospitals were benchmarked for their 
practices in CSF sampling. There was no 
consensus on what was best practice accord-
ing to other major hospitals and credible re-
sources. It was obvious that an integrated 
review was necessary to be able to establish 
a best practice guideline for CSF sampling. 
The following paper will attempt to integrate 
the literature findings relating to best practice 
for CSF sampling including which port should 
be accessed, the frequency of sampling and 
which decontaminating solution should be 
used. 
Aim  
To formulate an integrated review to answer 
the questions: 
1. Which port should be accessed?
2. Which is the best cleansing solution to
be used? 
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3. How often should a CSF sample be
taken? 
Method 
In March 2014 the bibliographic databases 
Medline Complete and CINAHL were 
searched (see Figure 1) using the following 
keywords, external ventricular drain, cerebro-
spinal fluid, infection, ventriculitis, specimen, 
sampling. There were no date limits set for 
the search. The inclusion criteria were origi-
nal quantitative research papers that had 
been peer reviewed and related to EVDs, 
sampling CSF and minimising infection. The 
exclusion criteria were articles not written in 
English. Medline Complete returned 30 arti-
cles and CINAHL returned 3. After two dupli-
cations were removed and title screening 
complete, the abstracts of the final 10 were 
reviewed. Nine full text articles were used to 
form the integrated review. 
Results  
From 33 articles only nine papers were in-
cluded in the review. The main findings of 
these papers were collated. Findings showed 
that there were varied recommendations and 
opinions about the frequency of CSF sam-
pling. Daily sampling is no longer recom-
mended (Will iamson, Phil l ips-Bute, 
McDonagh, Gray, Zomorodi, Olson & James, 
2014; Williams, Leslie, Dobb, Roberts & van 
Heerden, 2011) in most articles but the opti-
mum frequency for sampling remains un-
clear. The sampling site was discussed in 
very few papers. The proximal port was the 
most commonly used site for sampling 
(Muttaiyah, Ritchie, Upton & Roberts, 2008; 
Hoefnagel, Dammers, Ter Laak-Poort & 
Avezaat, 2008; Korinek, Reina, Boch, Rivera, 
De Bels & Puybasset, 2005). Only one paper 
by Wong (2011) discussed alternate sam-
pling sites in view of minimising infection. 
Many papers did not state the decontaminat-
ing solution used for accessing the port to 
sample CSF. The main findings of the papers 
focussed on sampling frequency and associ-
ated ways to minimise infection and not sam-
pling site or the use of specific decontaminat-
ing solutions (Hoefnagel et al., 2008; Kitchen 
et al., 2011; Korinek et al., 2005; Lwin, Low, 
Choy, Yeo & Chou, 2012; Muttaiyah et al., 
2008; Pfisterer, Muhlbauer & Reinprechtet, 
2003; Williams et al., 2011; Williamson et al., 
2014). 
Discussion 
Frequency of sampling 
CSF samples are taken breaking the seal of 
a closed system. The technique must be 
done aseptically and only by trained medical 
or nursing staff (Kitchen et al., 2011). Every 
sample taken and each manipulation of the 
system is associated with increased risk of 
introducing infection into the closed system 
(Williamson et al., 2014). Frequency of sam-
pling required for a patient with an EVD is 
often a conflict between whether it is appro-
priate to sample daily so that samples can be 
tested for infection or that frequency should 
be reduced to only when patient is showing 
signs of sepsis as CSF sampling increases 
the risk of infection such as ventriculitis (Lwin 
et al., 2012). 
Within the nine articles chosen for review, the 
preferred frequency of sampling was not al-
ways evident but the findings generally led to 
a discussion regarding whether increased 
frequency of sampling lead to the increased 
risk of ventriculitis. In a retrospective study by 
Muttaiyah et al., (2008), a daily sample of 
CSF was taken and an analysis was conduct-
ed looking mainly at clinical parameters pre-
dicting infection. From the pathology results 
of the CSF samples collected, Muttaiyah et 
al., (2008) indicated that a change in Glas-
gow Coma Scale (GCS) score and/or a 
change in temperature of a patient with an 
EVD was not a reliable link to indicate daily 
CSF sampling rather, it increased the risk of 
ventriculitis. They also noted that these neu-
rological and metabolic changes were not a 
reliable indicator for early prediction of ven-
triculitis. However, they did conclude that fur-
ther evidence would be required and larger 
Medline Complete 
Abstracts in total = 30 
CINAHL 
Abstracts in total =3 
Duplicates Removed = 2 
After screening title  = 11 
Abstracts read = 10 
Full articles read = 9 
Figure 1:  (Above) Process for selection of articles 
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prospective study would provide more relia-
ble results.  
A prospective study by Pfisterer et al., (2003) 
used daily CSF sampling as a method in their 
study to examine early diagnosis of EVD in-
fection. They concluded that there was no 
correlation between drainage time and a high 
CSF cell count which would indicate infec-
tion. They also concluded that samples that 
had a high CSF cell count were more likely to 
be contaminated specimens rather than EVD 
related infections. Their prospective method-
ology tends to yield more accurate results 
given the ability to control certain points and 
variables.  Pfisterer et al., (2003) concluded 
as did Muttaiyah et al., (2008) that patients 
were generally very unwell and unable to 
communicate signs and symptoms of an in-
fection and therefore daily specimens were 
required.  The focus of Pfisterer’s et al., 
(2003) study was mainly looking at the asso-
ciation of drainage time and infection. De-
spite this they did conclude that daily CSF 
sampling of an EVD did not increase the risk 
of ventriculitis.  
Hoefnagel et al., (2008), used a retrospective 
single centre study design that investigated 
complications such as meningitis and ventric-
ulitis occurring in patients with EVDs. The 
neurosurgical department protocol was to 
sample CSF from the EVD three times a 
week as well as on removal of the EVD. In 
contrast to the previous studies, Hoefnagel et 
al., (2008) found that there was a significant 
increase in infection rates with CSF sampling 
as well as the duration of EVD drainage. 
They found that the more the EVD had CSF 
samples taken the higher the risk of infection 
such as ventriculitis. The authors concluded 
that CSF samples should only be taken when 
infection is suspected and should be based 
on other predictors of infection such as a 
meningism and fever. However, there are 
limitations with the study design as single 
centred retrospective studies left information 
uncontrolled. EVDs were also flushed when 
blocked and other issues were indicated that 
may have increased infection rates.  
A similar study by Williams et al., (2011) 
showed a significant link of increased infec-
tions such as ventriculitis with increased CSF 
sampling of an EVD. Their study showed that 
reducing the frequency sampling to every 
third day, as well as sampling when clinically 
indicated, would significantly reduce the per-
centage of reported proven cases of ventricu-
litis. Again limitations are noted with the study 
by Williams et al., (2011) as EVD treatment 
varied and their control group was previously 
admitted patients, which had less control 
over data alterations and collections. 
Other studies such as Lwin et al., (2012) 
looked at reducing rates of infection such as 
meningitis and ventriculitis by reviewing tech-
niques of how often CSF samples were tak-
en, EVD insertion techniques and how long 
EVDs stayed in place. A retrospective audit 
was used in which they introduced a different 
type of EVD system as well as thorough 
nurse education. Their study had other signif-
icant factors which could explain  why infec-
tion rates were decreased in their sample 
results and would not necessarily be a relia-
ble indicator for CSF sampling frequency. 
These factors were staff education, a hand 
hygiene regime for staff, multiple testing on 
positive CSF samples to rule out external 
contamination and the use of a silver coated 
EVDs rather than the commonly used system 
in the retrospective data. It still showed that 
sampling only when there were clinical signs 
and symptoms of sepsis had a substantially 
reduced infection rate among the patient 
samples they tested. It needs to be noted 
that in the study by Lwin et al., (2012) they 
had omitted useful data such as information 
about sampling, temperatures of patients and 
GCS decline which are all important indica-
tors of infection. Another study by Korinek et 
al., (2005) had a similar conclusion but a dif-
ferent way of obtaining the result. Their study 
initially compared second daily sampling of 
an EVD to related results of increased infec-
tion rate. They also discussed the seemingly 
evident issues of whether the incidence of 
true ventriculitis was actually a correct diag-
nosis as most studies that have been re-
viewed here have been retrospective and 
usually only rely on a positive CSF culture 
without taking into account the clinical and 
CSF biochemical data. They concluded that 
changing from 2nd daily sampling of CSF to 
sampling only when signs and symptoms of 
sepsis were indicated, reduced the amount of 
EVD infections.  
Interestingly, the integrated review conducted 
here highlighted two articles that had a differ-
ent approach to frequency sampling and as-
sociated EVD infections. A retrospective 
study by Williamson et al., in 2014 specified 
that sampling was only taken at the medical 
team’s discretion. The study aimed to deter-
mine the predictors of bacterial ventriculitis. 
They concluded that EVD related bacterial 
ventriculitis generally occurred after the 3rd 
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daily sample of CSF. From further review of 
the article it was evident to Williamson et al., 
(2014) that there was an associated link be-
tween CSF sampling and EVD-related bacte-
rial ventriculitis and that specimens should 
only be taken at the medical team’s discre-
tion when clinical evidence of sepsis is noted.  
Kitchen et al., (2011) also conducted a study 
that initiated the sampling of CSF from a pa-
tient’s EVD at the medical team’s discretion. 
It was a prospective study that determined 
that frequency in sampling did not increase 
the risk of EVD associated infections as long 
as the clinicians had adequate experience 
and used theatre-standard aseptic technique. 
However, this study did remove and reinsert 
the EVDs when blocked which would alter 
the data.  
Sampling site 
To sample CSF from a patient with an EVD, 
the sample can be obtained from multiple 
sites. These include - directly from the EVD, 
a specifically designed CSF port, and a three 
way tap or from the collection chamber or 
drainage bag. In general the sample ports 
are referred to as a proximal port (closest to 
the patient’s head) or a distal port (further 
away from the patient’s head).  
Wong (2011), completed a quasi-
experimental study using a convenience 
sample looking for a safe and easy port to 
obtain accurate results, whilst minimising 
opening of the closed system. The 47 pa-
tients involved in the study had a pair of CSF 
samples removed at midnight, daily from the 
proximal port first, followed immediately by a 
distal port sample. The findings revealed that 
proximal port sampling may increase the risk 
of infection due to proximity of the patient’s 
head and being less secure than the distal 
port.  However many of the study limitations 
included varied indications for EVD insertion, 
the length of insertion time varied from 1- 23 
days and there was a low infection rate in the 
study. CSF specimens containing blood were 
also not analysed in this study by Wong 
(2011). In addition, distal port samples includ-
ed only some of the CSF from the collection 
chamber at the time. The writer indicates the 
possibility for white blood cells (WBC) to sit 
on the bottom of the collection chamber giv-
ing a false high if the whole collection cham-
ber was not sampled. 
The retrospective study by Muttaiyah et al., 
(2008) stated that samples were obtained 
from a proximal port. No rationale for port 
selection was discussed, despite concluding 
that larger studies are required to identify if 
reduced frequency of sampling is safe.  
Hoefnagel et al., (2008) did not identify that 
sampling from the proximal port increased 
infection despite the study discussing risk 
factors for EVD-related infections. Again the 
rationale for port selection was not dis-
cussed. The small retrospective study did 
state frequent sampling appeared to be a risk 
factor for EVD infection.  
An abnormal CSF result obtained from the 
drainage collection bag was used as a 
prompt for a second sample to be drawn 
proximally in a prospective study by Korinek 
et al., in 2004.  Changes in neurological state 
or a fever of unknown origin were the only 
indicators for CSF sampling. Korinek et al., 
(2004) did not discuss the rationale as to why 
a sample from a collection-bag was taken 
first and why then if that specimen was ab-
normal a second sample was then taken from 
the proximal site. Despite the sampling order, 
Korinek et al., (2004) did conclude that inap-
propriate or routine sampling be avoided. 
Comparison of the two samples obtained 
from patients requiring CSF analysis, were 
not evaluated in the paper by Korinek et al., 
(2004). 
Around half of the articles reviewed did not 
indicate or provide enough evidence to as-
certain from where the CSF sample was re-
trieved. An EVD has several sample sites as 
discussed depending on the drainage system 
attached.  Whilst most articles focus on infec-
tion related to sampling frequency and other 
contributing factors, further research into spe-
cific sampling sites may contribute to de-
creasing EVD-related ventriculitis as indicat-
ed by Wong (2011).   
Decontaminating Solution 
Decontamination solution was the last ques-
tion to be answered relating to best practice 
for EVD sampling of CSF specimens. Unfor-
tunately the majority of the articles reviewed 
did not elaborate on what solutions were 
used. When decontamination of the port was 
discussed the specific decontaminating solu-
tion was omitted. 
Muttaiyah et al., (2008) and Pfisterer et al., 
(2003) both stated they used a chlorhexidine 
2% alcohol combination to swab their chosen 
EVD port or sample site. Pfisterer et al., 
(2003) used chlorhexidine ethanol solution, 
stating a meticulous disinfection of the port 
site was completed when manipulating the 
EVD system. The detail of the specific solu-
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tion was not mentioned. 
Hoefnagel et al., (2008) indicated an alcohol 
solution was used on the chosen port. Lwin 
et al., (2012) used a type of antiseptic that 
was not directly identified but stated the ports 
were thoroughly cleaned prior to sampling. 
Four articles out of nine chose to mention 
what cleansing solution was used. Five of the 
articles did not discuss what decontaminating 
solution was used. The integrated review of 
all articles found that the decontaminating 
solution was not discussed as a risk factor in 
relation to EVD-related infections or CSF 
sampling.  Potentially one solution may be 
better than another but further research is 
required. 
Limitations 
The studies reviewed did not provide a con-
sensus and there were limitations in study 
design, sample size and data collection. Ret-
rospective studies tended to have missing 
data as well as lack of control over infor-
mation. Lack of past health history of patients 
was also noted. No information was given on 
whether patients had infections prior to the 
EVD insertion and few studies discussed why 
the patient required an EVD. EVD protocols 
were not discussed in the majority of papers, 
so there was uncertainty and lack of infor-
mation around who took the specimen, what 
type of aseptic technique was used, what 
equipment they used and whether or not it 
was protocol to have prophylactic antibiotics 
while the EVD was insitu.  
Conclusion 
An EVD breaks what is normally a closed 
ventricular system, increasing the risk of in-
fection regardless of the frequency, port and 
decontaminating solution used to obtain a 
CSF sample.  
This integrated review found that daily CSF 
sampling from an EVD is not recommended 
due to the increased chance of developing 
infection or ventriculitis. The preferred access 
port utilised for sampling is the proximal port. 
However, this was not the focus of the major-
ity of studies and articles reviewed. Unknown 
sample sites and a lack of discussion of the 
risks of sampling sites, indicates an area for 
further inquiry.  
A lack of discussion of decontaminating solu-
tion throughout the review indicates that 
there are no evidence-based preferences or 
conclusions as to what solution is recom-
mended for decontaminating access ports to 
minimise infection such as ventriculitis. 
Based on the integrative review conducted, a 
large prospective study over multiple sites is 
needed. Rigid and detailed protocols for EVD 
management and CSF sampling would be 
required to provide evidence for best practice 
for EVD management and CSF sampling.  
References 
Hoefnagel, D., Dammers, R., Ter Laak-Poort, M., & 
Avezaat, C. (2008). Risk factors for infections 
related to external ventricular drainage. Acta 
 Neurochirurgica, 150(3), 209-214. doi:10.1007/
 s00701-007-1458-9 
Kitchen, W., Singh, N., Hulme, S., Galea, J., Patel, H., & 
King, A. (2011). External ventricular drain infec
tion: improved technique can reduce infection 
 rates. British Journal Of Neurosurgery, 25(5), 
 632-635. doi:10.3109/02688697.2011.578770 
Korinek, A., Reina, M., Boch, A., Rivera, A., De Bels, D., 
& Puybasset, L. (2005). Prevention of external 
ventricular drain--related ventriculitis. Acta Neu
 rochirurgica, 147(1), 39-45.  
Lwin, S., Low, S., Choy, D., Yeo, T., & Chou, N. (2012). 
External ventricular drain infections: successful 
implementation of strategies to reduce infection 
 rate. Singapore Medical Journal, 53(4), 255-259. 
Muttaiyah, S., Ritchie, S., Upton, A., & Roberts, S. 
(2008). Clinical parameters do not predict infec
tion in patients with external ventricular drains: a 
retrospective observational study of daily cere
brospinal fluid analysis. Journal Of Medical Mi
 crobiology, 57(Pt 2), 207-209. doi:10.1099/
 jmm.0.47518-0 
Pfisterer, W., Mühlbauer, M., Czech, T., & Reinprecht, A. 
(2003). Early diagnosis of external ventricular 
drainage infection: results of a prospective study. 
Journal Of Neurology, Neurosurgery, And Psy
 chiatry, 74(7), 929-932.  
Williamson, R., Phillips-Bute, B., McDonagh, D., Gray, 
M., Zomorodi, A., Olson, D., & ... James, M. 
(2014). Predictors of extraventricular drain-
 associated bacterial ventriculitis. Journal Of 
 Critical Care, 29(1), 77-82. doi:10.1016/
j.jcrc.2013.08.012
Williams, T., Leslie, G., Dobb, G., Roberts, B., & Van 
Heerden, P. (2011). Reducing frequency of CSF 
sampling from extraventricular drains (EVD). 
Australian Critical Care, 24(1), 53-54.  
Wong, F. (2011). Cerebrospinal fluid collection: a com
parison of different collection sites on the exter
nal ventricular drain. Dynamics (Pembroke, 
 Ont.), 22(3), 19-24.  
